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a b s t r a c t

This nested case-control study examined the association between prevalent asthma and indoor aller-
gen sensitization and/or exposure among children (aged 5–17 years) in Buffalo, New York. The study
included a self-administered questionnaire, clinical interviews, skin allergen sensitivity tests and home
dust sampling for house dust mites, cat, dog, cockroach and mouse allergens. After adjusting for multiple
confounders, asthma cases had higher odds of being sensitized to Der p dust mites (odds ratio [OR] = 1.94,
95% confidence interval (CI): 1.13–3.35), cat (OR = 1.96, 95% CI: 1.13–3.39), or dog allergens (OR = 1.89,
95% CI: 1.10–3.22) than the controls. A significantly positive association between asthma status presence
of cat allergen in the child’s mattress (ORs: 2.61, 95% CI: 1.09–6.28) was also found. Children with both
llergen exposure
ust sampling

ndoor air

sensitization and environmental exposure to cat allergens had higher odds of asthma (OR = 7.08, 95% CI:
2.12–23.62) than those who were only sensitized to cat allergen (OR = 2.31, 95% CI: 1.01–5.32) or had
only home exposures (OR = 1.47, 95% CI: 0.47–4.65). The association between allergen sensitization and
asthma was more consistent than for home exposures. The findings help to confirm the role of allergen
sensitization and home exposure in regard to asthma, and suggest that both, individually and jointly, are
associated with asthma.
ntroduction

The prevalence of asthma in the United States has been increas-
ng across all age groups since the 1980s, and is currently the most
ommon chronic condition among children (Moorman et al., 2007).
n 2005, the Centers for Disease Control and Prevention (CDC)
eported an estimated 8.9% of children (6.5 million) in the U.S. cur-
ently had asthma (Bloom et al., 2006), while in 2003 there were
2.8 million school days missed by children (5–17 years) due to
sthma (Bloom and Cohen, 2007). Previous studies have shown that
esidents in urban settings have higher rates of asthma (Aligne et al.,
000; Byrd and Joad, 2006; Mannino et al., 1998). One explanation
or this phenomenon is that children in inner cities may be exposed
o higher levels of various indoor allergens (Kitch et al., 2000) and

ay even be sensitized to these allergens at an early age (Call et al.,
992; Sarpong and Karrison, 1998). Several studies have found pos-
tive associations between asthma and sensitization to dust mite
Almqvist et al., 2007; Wong et al., 2002), cat (Chew, 2009), cock-
oach (Call et al., 1992) and mouse allergens (Phipatanakul et al.,
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438-4639/$ – see front matter © 2011 Elsevier GmbH. All rights reserved.
oi:10.1016/j.ijheh.2011.08.017
© 2011 Elsevier GmbH. All rights reserved.

2007). Many of these studies only evaluated atopic sensitization to
a few specific allergens, rather than a panel of multiple allergens.

Exposure to indoor allergens in genetically susceptible chil-
dren may be one mechanism leading to atopic sensitization
(Arshad, 2010) and subsequently developed asthma (Gaffin and
Phipatanakul, 2009). Several studies found asthma status to be sig-
nificantly related to exposure to indoor environmental allergens,
such as mouse allergen in U.S. households (Salo et al., 2009) or
in urban elementary schools/homes (Sheehan et al., 2009). Other
studies have linked detectable dust mite, cat, dog, or mouse aller-
gens in the indoor environment to asthma (Brussee et al., 2005;
Salo et al., 2008). However, some studies have not found significant
associations between exposure to dust mite and cat allergens and
asthma status (Lau et al., 2000; Surdu et al., 2006). Though the evi-
dence for environmental exposures leading to sensitization is fairly
consistent, as is the link between allergen sensitization and asthma
risk, the role of environmental allergen exposures in the etiology
of childhood asthma is less well-studied (Gaffin and Phipatanakul,
2009).

Another research gap pertains to the fact that most studies
did not separate the effect of environmental exposure to aller-

gens from that of sensitization on asthma. The few studies which
have evaluated the joint effects of environmental exposure and
sensitization to common allergens on asthma risk (Brussee et al.,
2005; Gruchalla et al., 2005; Huss et al., 2001; Rosenstreich et al.,

dx.doi.org/10.1016/j.ijheh.2011.08.017
http://www.sciencedirect.com/science/journal/14384639
http://www.elsevier.de/ijheh
mailto:rrj01@health.state.ny.us
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997) relied on self-reported symptoms alone, and did not clinically
onfirm asthma status, or inadequately controlled for potential
ndoor and outdoor confounders. Furthermore, few research stud-
es have examined relationships between allergen sensitization and
xposure as well as between home characteristics and allergen
xposure. To fill these research gaps, the primary objective of our
tudy was to assess if asthmatic children were more likely to be sen-
itized or exposed (or both) to indoor allergens including animal
cat and dog) dander, cockroach, dust mite and mouse allergens,
ompared to non-asthmatic children after controlling for multiple
isk factors. The secondary goals were to examine the relationship
etween sensitization and exposure, and to examine the relation-
hip between self-reported home exposures and the presence of
bjectively measured allergens in the home.

aterials and methods

tudy design and population

The current study is a nested case-control study conducted
ithin a population-based cross-sectional study (N = 3571) that

stimated the impact of indoor and outdoor environmental risk
actors on asthma among children (1–17 years) living in the city
f Buffalo, New York, the second most populous city in New York
tate. Methods used in the cross-sectional study (conducted in
996) can be found in more detail in previously published papers
Jones et al., 2008; Lin et al., 2008). Procedures for the nested case-
ontrol study, including parent self-administered surveys, clinical
nterviews, skin allergen and home environment testing, were con-
ucted among children (aged 5–17 years) living in Buffalo from
999 to 2002.

Among all participants in the cross-sectional study who agreed
o participate in possible follow-up, we generated a random subset
f eligible cases and controls to recruit into the case-control study
ia telephone. Eligible cases were defined by the parent reporting
t least two of the following seven criteria in the self-administered
hild health questionnaire during the cross-sectional study: current
sthma; a physician diagnosis of asthma; ever wheezing; wheezing
n most days or nights in past year; dry cough at night; exercise-
elated wheezing in the past year; and an emergency room or
ospital visit due to asthma. We used these criteria for the fol-

owing reasons: (1) to increase the validity of the case definition
y using a combination of two asthma indicators; (2) to reduce
otential misclassification of asthma status or reporting error by
hance; (3) to capture all potential asthma cases rather than rely-
ng on physician diagnosis only. Children who did not report any
f the criteria described above were defined as eligible controls,
nd a random sample of the eligible controls were then frequency-
atched to cases by age (within 2 years), gender, and race. Children
ere excluded from eligibility if they reported any of the following:

1) a diagnosis of asthma prior to moving to their current residence;
2) living at their current residence for less than 1 year; and (3) non-
ases that had been diagnosed with bronchitis or pneumonia in the
ast year.

ealth survey
The two-part self-administered health questionnaire used in the

ross-sectional study was adapted from the International Study of
sthma and Allergies in Childhood (Asher et al., 1995), the Uni-
ersity of Sydney asthma questionnaire (Salome et al., 1987), and
rom the Second National Health and Nutrition Examination Sur-

ey (Crain et al., 1994). This questionnaire was validated via a pilot
tudy within the same community. Part I of the survey comprised
uestions based on resident demographics, housing and lifestyle
haracteristics, and indoor and outdoor environmental exposures,
Environmental Health 215 (2012) 297–305

while Part II comprised questions about the health and behavior
of the index child (the eldest child in each participating home),
including family history of asthma, asthma diagnosis, symptoms
and severity, asthma triggers and the child’s activity patterns.

Clinical assessment
Following phone recruitment and agreement to participate in

the case-control study, the child’s asthma status and symptoms
were verified using questions from the cross-sectional survey
instrument and clinically confirmed by a trained nurse or physician
according to clinical criteria. Parents were additionally asked about
the child’s medical history, including a history of allergic rhinitis,
eczema, sinusitis, allergies, medication use, asthma severity, smok-
ing status and second hand smoke exposure. Information reported
on allergies was used to decide whether the child could receive the
allergen skin tests. Children who had taken corticosteroids or anti-
histamines in the past 72 hours or had a temperature of 37.8 ◦C
or higher (which could affect the allergen testing results) were
rescheduled for testing. Potential controls who were diagnosed
with asthma during the clinical interview or who had a sibling diag-
nosed with asthma were considered ineligible to participate in the
case-control study.

Skin allergen testing
Participants (84 cases and 109 controls) underwent skin aller-

gen testing at Erie County Medical Center in Buffalo, New York to
determine sensitivity to allergens: dust mites (Der f 1, Der p 1),
cat (Fel d 1), dog (Can f 1), cockroach (Bla g1, Bla g 2), and mouse
(mouse urinary protein, MUP). The tests were administered using
the GREER®Pick® (Greer Laboratories, Inc.) following Dreborg’s
guidelines for skin testing (Dreborg, 1989). Prior to administering
the allergens, histamine dihydrochloride (3 mg/ml) was adminis-
tered as the positive control, since it almost universally causes an
allergic response. Saline, a neutral substance, was administered as
the negative control and also served to determine nonspecific skin
reactivity. After 20 minutes of administering the allergen wheals
and flares were measured using a digitalized graphics tablet devel-
oped with computer-aided design software (Jaen, 1996). The mean
intra-tester and inter-tester coefficients of variation were low (3.1%
and 2.9%), reflecting the high reliability of the testing protocol. Fol-
lowing repeated wheal measurements, a correlation coefficient of
0.97 (R2) between wheal measurements was observed between
individuals. Allergen sensitivity or atopy was defined as a positive
reaction to an allergen where the diameter of the allergen wheal
was larger than the saline wheal and at least 50% of the diameter of
the histamine wheal (Dreborg, 1989; Paggiaro et al., 1986). Results
for individuals with histamine wheals that were smaller than the
saline wheal or less than 3 mm in diameter were excluded from the
analysis.

Home environmental testing
Ninety-nine households that completed the questionnaire in

the cross-sectional study and had the index child participating in
the skin allergen testing and clinical interview were recruited for
home environmental testing. As described in Appendix 1, the test-
ing locations for collection of allergen samples included the family
room, bedroom and kitchen (for a total of 9 allergens/locations).
Specific allergens were selected for each location based on the
allergens most common to these spaces. The allergens analyzed
include dust mites (Der p 1 and Der f 1), cat (Fel d 1), dog (Can
f 1), cockroach (Bla g 1 and Bla g 2), and mouse (Mouse Urinary
Protein, MUP). Using a HEPA-filtered back-pack canister vacuum

(Li’l Hummer®), trained project staff collected allergen samples
by vacuuming each location for 2 minutes. If the sample appeared
insufficient, vacuuming was continued for another 2 minutes. The
sample was sifted using a brass number 50 mesh metal sieve
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Krackler Scientific) which excludes particles >300 �m, stored in
cooler, and sent to the Johns Hopkins University Dermatology,
llergy and Clinical Immunology (DACI) Reference Laboratory. Fine
ust (100 mg) was then extracted overnight and evaluated by a
anel of monoclonal antibody-based immunoenzymetric assays to
uantify indicator molecules for the seven indoor aeroallergens for
his study. Enzyme-Linked Immunosorbent Assays (ELISAs) were
alibrated against national or international allergen standards as
ollows: World Health Organization (WHO) reference standard for
er p 1, Der f 1, and Can f 1; Center for Biologics Evaluation and
esearch (CBER) reference for Fel d 1; Indoor Biotechnologies stan-
ard for MUP, and the University of Virginia sub-standard for Bla g
and Bla g 2.

At least 5 mg of settled, sieved dust is required for aller-
en extraction and analysis (Platts-Mills, 1989). Information from
revious studies (Platts-Mills, 1989) was used to define aller-
en threshold levels for development of sensitization/asthma. The
hresholds used for this study were: dust mite (Der p 1 or Der f 1)
evels greater than 10 �g/g; cat allergen (Fel d 1) levels greater than
�g/g; dog allergen (Can f 1) levels at or above the 75th percentile

>10 �g/g) since there was no threshold level available; and thresh-
lds for cockroach (Bla g 1 or Bla g 2) and mouse (MUP) allergen was

ny level above the detection limit.

Informed consent was obtained from the parent or guardian
f the child participants. All procedures were reviewed and
pproved by the Institutional Review Boards of the New York State

able 1
sthma prevalence and socio-demographic and environmental factors for two study pop

Socio-demographic and home environmental factors Home testing population

Cases (N = 50) Controls (N = 49
N (%) N (%)

Gender
Male 26 (52.0) 24 (48.9)
Female 24 (48.0) 25 (51.0)

Race
Black 5 (10.0) 6 (12.5)
All others 45 (90.0) 42 (87.5)

Ethnicity
Hispanic 0 (0.0) 7 (14.3)
Non-Hispanic 50 (100.0) 42 (85.7)

Family history of asthma
Yes 25 (50.0) 7 (14.3)
No 25 (50.0) 42 (85.7)

No time for medical care
Yes 2 (4.0) 0 (0.0)
No 48 (96.0) 49 (100.0)

Either parent smoke
Yes 14 (28.0) 17 (34.7)
No 36 (72.0) 32 (65.3)

Dampness in house
Yes 35 (71.4) 33 (68.8)
No 13 (28.6) 15 (31.3)

Humidifier use
Yes 26 (52.0) 23 (46.9)
No 24 (48.0) 15 (31.3)

Chemical odor inside
Yes 5 (10.0) 2 (4.1)
No 45 (90.0) 47 (95.9)

Chemical odor outside
Yes 15 (30.0) 10 (20.4)
No 35 (70.0) 39 (79.6)

Cockroaches in the house
Yes 1 (2.1) 2 (4.3)
No 47 (97.9) 45 (95.7)

Frequent trucks passing
Yes 23 (46.0) 15 (30.6)
No 27 (54.0) 34 (69.4)

Pets inside the house
Yes 30 (60.0) 25 (55.6)
No 20 (40.0) 20 (44.4)

a Bold face OR (odds ratio) and CI (confidence interval) indicate significance at the ˛ = 0
Environmental Health 215 (2012) 297–305 299

Department of Health and the State University of New York (SUNY)
at Buffalo.

Statistical analysis
An initial descriptive analysis was conducted to summarize the

demographic distribution of the study participants. According to
findings from our cross-sectional study (Lin et al., 2008), a total
of five socio-demographic variables: gender, race, ethnicity, fam-
ily history of asthma, and no time for medical care, and eight
environmental factors: parent smoked, dampness in the home,
humidifier use, chemical odor indoor or outdoor, cockroaches in
house, frequent truck traffic in neighborhood and pets inside the
house were examined as potential confounders. Since the popula-
tion who underwent home environmental testing are a complete
subset of those who had skin allergen testing, but also differed from
the population of the cross-sectional study, we evaluated possi-
ble confounders separately for each group. Each of the respective
models for skin allergen testing and home allergen exposure only
included those variables significantly associated with asthma and
with allergen exposure/sensitization in the controls in a bivariate
analysis (Table 1).

Skin allergen test reactions in the participants were recorded for

each allergen and compared between cases and controls. Because
only a positive association was biologically plausible (i.e., effects
in only one direction) and sample sizes were small, we used
one-sided statistical tests to improve power. Crude and adjusted

ulations in Buffalo, New York.

Skin allergen testing population

) Crude ORa (95% CI) Cases (N = 84) Controls (N = 109) Crude ORa (95% CI)
N (%) N (%)

1.13 (0.58–2.19) 43 (8.3) 56 (51.4) 0.88 (0.55–1.42)
46 (51.5) 53 (48.6)

0.78 (0.27–2.24) 11 (12.5) 25 (23.4) 0.47 (0.25–0.90)
77 (87.5) 82 (76.64)

– 5 (6.6) 17 (15.6) 0.32 (0.14–0.77)
84 (94.4) 92 (84.4)

6.00 (2.65–15.58) 46 (51.7) 19 (17.4) 5.07 (2.95–8.72)
43 (48.3) 90 (82.6)

– 2 (2.3) 3 (2.8) 0.79 (0.17–3.61)
87 (97.8) 103 (97.2)

0.73 (0.36–1.50) 34 (39.5) 36 (35.6) 1.18 (0.72–1.94)
52 (60.5) 65 (64.4)

– 55 (62.5) 69 (65.7) 0.87 (0.53–1.43)
33 (37.5) 36 (34.3)

1.22 (0.63–2.37) 46 (52.9) 43 (40.6) 1.64 (1.02–2.66)
41 (47.1) 63 (34.3)

2.61 (0.63–10.78) 7 (7.9) 4 (3.7) 2.24 (0.78–6.46)
82 (92.1) 105 (96.3)

1.67 (0.77–3.62) 26 (29.2) 20 (18.4) 1.84 (1.05–3.21)
63 (70.8) 89 (81.7)

0.48 (0.06–3.69) 1 (1.2) 5 (4.8) 0.24 (0.04–1.45)
85 (98.8) 100 (95.2)

1.93 (0.97–3.85) 40 (45.5) 35 (33.0) 1.69 (1.04–2.76)
48 (54.6) 71 (67.0)

1.20 (0.61–2.38) 47 (52.8) 52 (47.7) 1.23 (0.78–1.96)
42 (47.2) 57 (52.3)

.05 level.
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dd ratios (OR) with 95% confidence intervals (CI) are presented
sing case-control status as the dependent variable. Indoor dust
llergen levels were not normally distributed and were therefore
ompared between cases and controls using non-parametric tests.

For all analyses of the home environmental testing data as con-
inuous variables, levels below the detection limit (<DL) were set
o values of one-half of the detection limit reported by the labo-
atory. We defined the cut-point for analyses of multiple allergen
xposure as the 75th percentile of the combined total number of
ocations where allergens were equal to or above the threshold,
.e., two possible locations for dust mites, cat, and dog respectively
nd one location for mouse after excluding cockroach allergen due
o no exposed cases. Thus, the total number of allergens/locations
bove their thresholds ranged from 0 (minimum) to 7 (maximum),
nd the 75th percentile was 4 allergens/locations. The relationships
etween multiple allergens above the 75th percentile of thresholds
nd socio-demographic characteristics or various household fac-
ors were assessed. To examine sensitization related to exposure,
e compared sensitization among children in households where

llergens were measured to be greater to or equal to the threshold
evel for each allergen versus those below the threshold.

esults

Of the 202 children initially enrolled in the case-control study,
e excluded four controls who had low baseline lung function
easurements or reported asthma symptoms on the clinical ques-

ionnaire, four cases whose histamine wheal was less than or equal
o the saline wheal, and one control who did not undergo skin aller-
en testing. All 193 of the remaining children (84 cases and 109
ontrols) were included in analyses, including 99 households (50
ases and 49 controls) who also agreed to participate in home envi-
onment sampling to test for the presence of allergens in indoor
ousehold dust.

Table 1 describes the relationships between asthma status and
ocio-demographics or environmental factors in two populations,
ne for skin allergen testing and another one for home allergen
easurement. In the skin allergen testing group, we found that

sthma was significantly associated with family history of asthma
OR = 5.07, 95% CI: 2.95–8.72), humidifier use (OR = 1.64, 95% CI:
.02–2.66), chemical odor outside (OR = 1.84, 95% CI: 1.05–3.21)
nd frequent truck passing by the neighborhood (OR = 1.69, 95%
I: 1.04–2.76). These factors were considered as potential con-

ounders and controlled in multivariate analyses in the population

ith skin allergen testing. Family history of asthma was the

nly variable related to asthma in the group with home allergen
easurement, and was subsequently the only variable adjusted for

n logistic regression analysis of this group.

able 2
omparison of positive skin allergen tests between asthma cases (N = 84) and controls (N

Allergen Positive skin allergen testa

Case Control

N % N %

Dust mites (Der f and Der p) 60 71.4 65 6
Der f dust mite 46 55.8 53 4
Der p dust mite 57 67.9 55 5
Cockroach 35 41.7 48 4
Cat 55 66.3 55 5
Dog 51 60.7 49 4
Mouse 39 45.9 51 4
Rat 35 41.7 44 4
Any one positive 78 91.8 100 9

a Positive if allergen wheal > saline wheal and at least 50% of histamine wheal.
b Bold face OR (odds ratio) and CI (confidence interval) indicate significance at the ˛ = 0
c Adjusted for one or more family members with asthma, chemical odors outdoors, hu
Environmental Health 215 (2012) 297–305

Asthma and skin allergen testing

Median wheal size for saline was 3 mm among cases and 4 mm
in the controls, while that for histamine was 7 mm in both cases
and controls. Sensitization tests showed that reactions were signif-
icantly greater in the cases than in controls for both Der p dust mite
(median 5 mm vs. 4 mm, p < 0.05) and cat allergen (median 5 mm
vs. 4 mm, p < 0.05, data not shown).

Table 2 shows the number and percentage of cases and controls
whose skin tests were positive for each allergen, along with crude
and adjusted odds ratios and associated CIs. Prevalence of sensiti-
zation to dust mite, cat, and dog allergens was higher among cases
than controls. After adjusting for potential confounders, including
family members with asthma, chemical odors outdoors, humidifier
use, and frequent neighborhood truck traffic, cases were signifi-
cantly more likely to have a positive skin test for Der p dust mites
(OR = 1.94, 95% CI: 1.13–3.35), cat (OR = 1.96, 95% CI: 1.13–3.39),
and dog allergen (OR = 1.89, 95% CI: 1.10–3.22).

Asthma and allergen levels in home dust samples

Although the cases also seemed to have higher median levels
of Der f 1 and Der p 1 dust mite and cat allergen than the con-
trols, these differences were not statistically significant, possibly
due to large variations in allergen levels between study homes (data
not shown). Table 3 shows the relationship between indoor dust
allergen levels and asthma case-control status. All 99 of the study
homes had at least one allergen level above the detection limit and
25 homes had 4 or more allergens/locations above the threshold.
Data for cockroach allergens are not presented since there were too
few homes in this study with levels of cockroach allergen (Bla g 1
or Bla g 2) above the detection limit to conduct a statistical com-
parison, and there were no asthma cases with levels of cockroach
allergen in the home above the detection limit. Forty-eight percent
of the homes had dust mite allergen (Der p 1 and Der f 1 com-
bined) above the threshold level, the greatest percentage among all
of the allergens. All nine allergens/locations were above the thresh-
old level in 9% of the study homes, and no homes had fewer than
three allergens/locations above threshold level (data not shown).
After controlling for the confounding effect of family members with
asthma, cases were significantly more likely to have a cat aller-
gen level above the threshold in their mattresses (OR = 2.61, 95%
CI: 1.09–6.28). No other allergen nor home exposures to any aller-
gen or multiple allergens/locations was significantly related to an

increased odds of asthma.

As described in Table 4, multiple sources of allergen expo-
sure at home (defined as allergens greater than the thresholds
at 4 or more locations) was significantly associated with several

= 109).

Crude Adjusted

ORb 95% CI ORc 95% CI

0.2 1.65 0.99–2.76 1.49 0.85–2.61
1.1 1.26 0.78–2.03 1.12 0.66–1.92
0.9 2.03 1.24–3.35 1.94 1.13–3.35
4.9 0.88 0.54–1.43 0.92 0.54–1.56
1.4 1.86 1.13–3.05 1.96 1.13–3.39
5.8 1.83 1.12–2.98 1.89 1.10–3.22
7.7 0.93 0.58–1.50 1.13 0.66–1.94
1.5 1.01 0.62–1.64 0.90 0.52–1.57
2.6 0.89 0.37–2.16 1.02 0.38–2.75

.05 level.
midifier use, and frequent truck passing by.
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Table 3
Multivariate logistic regression analysis of asthma and elevated levels of selected indoor allergens (N = 99).

Allergen (threshold)a Number above threshold Cases Adjusted ORb 95% CI

Number %

Dust mite (Der p 1 ≥10 �g/g)
in rug 9 5 10 0.59 0.16–2.23
in mattress 10 6 12 1.72 0.52–5.67

Dust mite (Der f 1 ≥10 �g/g)
in rug 42 21 42 0.86 0.41–1.77
in mattress 40 19 38 0.72 0.35–1.51

Combined dust mite (Der p 1, Der f 1 ≥10 �g/g)
in rug 48 25 50 1.11 0.54–2.28
in mattress 48 25 50 0.95 0.46–1.96

Cat (Fel d 1 ≥8 �g/g)
in rug 26 16 32 2.11 0.92–4.83
in mattress 23 15 30 2.61 1.09–6.28

Dog (Can f 1 ≥10 �g/g)
in rug 45 23 46 1.20 0.58–2.45
in mattress 32 17 34 1.13 0.53–2.43

Mouse in kitchen (MUP above detection limit) 21 8 16 0.45 0.18–1.14
Any allergenc 6 47 94 2.23 0.46–10.79
≥4 (75th percentile) locations with allergens 25 14 28 1.29 0.56–2.94

a Thresholds for dust mite and cat are based on previous studies. Since no previous studies were available for dog and mouse, dog threshold was set to the 75th percentile
and mouse threshold was set at any level above the detection limit.

s

T
R

B

b Adjusted for one or more family members with asthma. Only one allergen was enter
ignificance at the ˛ = 0.05 level.

c Nine allergens/locations in the homes were tested for the presence of allergens; cock

able 4
elationship between related household factors and number of allergens/locations in stu

Factor Numb

≥4 loc

Cockroaches in house Yes 1
No 23

Rats/mice in house Yes 4
No 20

Home has carpet Yes 24
No 1

Live in multiple-family house Yes 7
No 18

Use humidifier Yes 16
No 9

Any pet in house Yes 23
No 2

Rodents in house Yes 2
No 23

Presence of mold Yes 7
No 16

Parent smoke in the house Yes 9
No 16

Dampness in house Yes 9
No 15

Stuffed animals in bedroom Yes 15
No 10

Below poverty level Yes 3
No 19

Mother’s education ≤High school 7
≥High school 17

Marital status Other 3
Married 21

Child’s gender Male 15
Female 10

Child’s age 5–17 years old 24
0–4 years old 1

Mother’s race Black 0
All other 25

Ethnicity Hispanic 0
All other 25

Age of the house >50 years 4
≤50 years 21

old face OR (odds ratio) and CI (confidence interval) indicate significance at the ˛ = 0.05
a The minimum and maximum number of locations with antigens above the threshold
ed into each model. Bold face OR (odds ratio) and CI (confidence interval) indicate

roach results have been excluded due to low detection limits.

dy participants’ homes (N = 99).

er of locations with allergens above the thresholda

ations (75th percentile) Crude OR 95% CI

(33.3) 1.15 0.19–11.69
(25.0) Ref
(50.0) 3.40 0.99–11.70
(22.7) Ref
(25.5) 0.69 0.09–5.34
(33.3) Ref
(26.9) 1.06 0.45–2.50
(25.7) Ref
(32.7) 2.21 1.01–4.85
(18.0) Ref
(33.3) 7.00 1.96–25.05
(6.7) Ref
(15.4) 0.49 0.13–1.88
(26.7) Ref
(31.8) 1.63 0.67–3.96
(22.2) Ref
(29.0) 1.33 0.60–2.97
(23.5) Ref
(31.0) 0.63 0.30–1.54
(23.8) Ref
(24.6) 0.91 0.42–1.99
(26.3) Ref
(25.00) 0.96 0.30–3.14
(25.68) Ref
(25.93) 1.01 0.43–2.38
(25.76) Ref
(17.65) 0.58 0.19–1.80
(26.92 Ref
(30.00) 1.67 0.77–3.62
(20.41) Ref
(25.53) 1.37 0.21–8.99
(20.00) Ref
(0.00) – –
(28.74) Ref
(0.00) – –
(25.17) Ref
(26.67) 1.09 0.38–3.11
(25.00) Ref

level.
is 0 and 7, respectively.
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Table 5
Sensitization to allergens among exposed and non-exposed children (N = 99).

Sensitized to specific allergensa Increased allergen level in
indoor dust (≥threshold)b

No increased allergen level
indoors (<threshold)

Crude ORc 95% CI

N % N %

Der f dust mite 31 52.5 17 50.0 1.11 0.55–2.25
Der p dust mite 9 64.3 44 55.7 1.43 0.53–3.85
Bla g 1 cockroach 4 80.0 34 38.6 6.35 1.00–41.38
Bla g 2 cockroach 3 75.0 35 39.3 4.63 0.67–31.97
Cat 15 57.7 30 45.5 1.64 0.76–3.53
Dog 23 51.1 26 54.2 0.88 0.45–1.75
Mouse 11 61.1 36 48.0 1.70 0.71–4.11

e ˛ = 0
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a Positive if allergen wheal > saline wheal and at least 50% of histamine wheal.
b Allergen levels were above their respective threshold levels.
c Bold face OR (odds ratio) and CI (confidence interval) indicate significance at th

ome environmental factors, such as use of humidifier (OR = 2.21,
5% CI: 1.01–4.85) and having a pet in the house (OR = 7.00,
5% CI: 1.96–25.05). The households reporting having seen a rat
r mouse were three times or more as likely to have multiple
llergens/locations above the threshold, but this finding was not
tatistically significant.

llergen sensitivity and allergen levels in home dust samples

To assess the relationship between environmental allergen
xposure and allergen sensitization, children whose home had
n elevated level of specific allergens (defined by exceeding the
hresholds) were compared to those non-exposed (home dust aller-
ens level < the threshold) to see if they were more likely to be
ensitized to these specific allergens (Table 5). Although a higher
ercentage of children with home allergen exposure were more
requently sensitized to these specific allergens, with the exception
f dog, the only borderline significant association was with Bla g 1
ockroach. Children exposed to Bla g 1 at home were about six times
ore likely to be sensitized to these cockroach allergens (OR = 6.35,

5% CI: 1.00–41.38) though the point estimate is imprecise due to
he small sample size. Another interesting finding is that approxi-

ately 50% of the children without home allergen exposures were
till sensitized to these allergens, with the exception of cockroach
xposure.

sthma, allergen sensitivity, and home allergen levels

Crude cat (Fel d 1) and dog (Can f 1), odds ratios for allergen
resence and asthma were compared between children who were
ensitized to the allergen, exposed to the allergen, or both (Table 6).

hile exposure without sensitization to any of the allergens was
ot significantlyassociated with asthma status, the analysis showed

higher odds of prevalent asthma for those who were sensitized
ut not exposed to cat allergens (OR = 2.31, 95% CI: 1.01–5.32) or to
og allergens (OR = 3.30, 95% CI: 1.22–8.94). Significant associations
ere also seen for the joint effect of sensitization and exposure

able 6
ensitization and/or indoor exposure to allergens and asthmaa (N = 99).

Allergens Sensitized and exposed Exposed

Crude OR 95% CI OR Crude OR

Dust mite 2.00 0.64–6.21 2.36
Cat 7.08 2.12–23.62 1.47
Dog 1.91 0.70–5.20 1.75
Mouse 0.29 0.08–1.00 1.03

old face OR (odds ratio) and CI (confidence interval) indicate significance at the � = 0.05
a The reference groups are those who were neither sensitized nor exposed to allergens
.05 level.

to cat allergen, i.e., among those who were both sensitized and
exposed to cat allergens (OR = 7.08, 95% CI: 2.12–23.62).

Discussion

Allergen sensitization and asthma

The current study showed significantly positive associations
between asthma case-control status and sensitivity to cat, dog,
and a dust mite (Der p 1) allergen. The odds of prevalent asthma
increased by approximately 100% (OR = 1.94, 95% CI 1.13–3.35) for
those who were sensitized to Der p 1 allergen, a finding which
agrees with those from other studies examining the association
between asthma and dust mite sensitization (Chew, 2009; Squillace
et al., 1997). In the case-control study conducted by Squillace et al.
(1997), sensitization to dust mite was associated with asthma in
adolescents after controlling for confounding factors. Our study also
found statistically significant associations between sensitization to
cat allergen (OR = 2.02) and asthma, which is consistent with the
findings of others (Sarpong and Karrison, 1997; Wong et al., 2002).
Wong et al. (2002) found that among school children, sensitiza-
tion to dust mite (Der f 1, OR = 3.67) and cat allergen (OR = 3.01),
was significantly associated with bronchial hyper-responsiveness.
Sarpong and Karrison (1997) found a similar, but a higher odds of
prevalent asthma due to cat allergen sensitization (OR = 3.8, 95% CI:
1.5–9.2) than was observed our study (OR = 2.02, 95% CI: 1.16–3.51).
In the current study, a positive association was found between
asthma status and sensitization to dog allergens (OR = 1.99, 95% CI:
1.16–3.42), but this association was not observed in the Inner City
Asthma Study (ICAS) by Gruchalla et al. (2005), which found a non-
significant risk ratio for unscheduled asthma clinic visits among
children sensitized to dog allergens (RR = 1.45, 95% CI: 0.98–2.14).
The ICAS also found significant associations with cockroach aller-
gen sensitization and clinic visits (RR = 1.40, 95% CI: 1.02–1.92).

Several older case studies (Eggleston et al., 1998; Lindfors et al.,
1999; Plaschke et al., 1999; Wilson et al., 1999) found a high preva-
lence of sensitization to various indoor allergens, as in our study,
by skin prick testing or allergen specific IgE among asthma cases.

only Sensitized only

95% CI OR Crude OR 95% CI OR

0.70–7.94 3.67 0.99–13.56
0.47–4.65 2.31 1.01–5.32
0.64–4.81 3.30 1.22–8.94
0.26–4.03 0.86 0.40–1.85

level.
in their home environment.
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owever, the sensitization-asthma association could not be
ssessed in these case studies since there were no comparison
roups.

ome allergen exposure and asthma

Our analysis showed a significant association between preva-
ent asthma and cat allergen collected from mattresses (OR = 2.61,
5% CI: 1.09–6.28) after controlling for potential confounders,
hich is supported by other studies testing a similar hypothe-

is. Another nested case-control study in Germany (Gehring et al.,
001) reported a positive association between exposure to cat
llergen and asthma symptoms among adults (OR = 2.74, 95% CI:
.22–6.17). Similarly, a prospective cohort study led by Brussee
t al. (2005) found borderline significant associations between per-
istent wheeze and exposure to cat among children (OR = 2.31, 95%
I: 0.98–5.46). Several studies support the plausibility of this rela-
ionship. A cross-sectional study by Plaschke et al. (1999) showed
hat living with a cat aggravated respiratory symptoms and inflam-

ation biomarkers among 129 asthmatics sensitized to cat or dog
llergen. Lindfors et al. (1999) found that exposure to cats is associ-
ted with sensitization to cat allergen in young asthmatic children
n Sweden. Another study in Sweden (Almqvist et al., 2001) found
hat exposure to cat allergen can be encountered in the school envi-
onment, and asthma symptoms in children with cat allergy may
orsen from indirect cat exposure at school.

Other studies have found associations between the severity
f asthma symptoms and exposure to mouse (Salo et al., 2009;
heehan et al., 2009) or house dust mite allergens (Michel et al.,
996). However, our study did not reveal a significantly greater

evel of mouse exposure among children with asthma, a find-
ng consistent with a prospective birth cohort study in Germany
Lau et al., 2000) that assessed early mite and cat allergen expo-
ures. Very few participating homes in our study had cockroach
llergen levels above the detection level, which indicates that cock-
oach allergen may not be a major public health concern in the
tudy area. Wide confidence intervals for several point estimates
eflect the low precision for these findings. Finally, although the
edian concentration of the dust mite Der p 1 among cases in

ur study homes was low (0.3 �g/g), this value is consitent with
hat of another inner-city study, conducted in Baltimore, Maryland
0.18 �g/g) (Simons et al., 2007).

While many previous studies showed a consistent association
etween asthma and sensitization to allergens, the association
etween asthma and indoor environmental exposures is more com-
lex (Arshad, 2010; Gaffin and Phipatanakul, 2009). A possible
xplanation for the inconsistent association for home environmen-
al exposures may be preventive measures taken by the child’s
aretakers to reduce exposure to indoor allergens in response to a
hild’s symptoms. The environmental sampling conducted for this
tudy has some limitations, including that sampling indoor aller-
ens at one point in time may not adequately represent long-term
xposure to the allergen reservoir in the home. Climate factors such
s humidity may promote dust mite growth (Institute of Medicine,
000). Air sampling was conducted for a similar proportion of cases
nd controls during the same season to reduce potential bias from
easonal variation in allergen prevalence.

llergen sensitization and indoor allergen exposure

This study found that children exposed to cockroach allergen at
ome were about six times more likely to be sensitized to cockroach

llergen than children who were not exposed, in agreement with
ther studies examining this association. In the ICAS (Gruchalla
t al., 2005), the relative risk of having a positive skin test for chil-
ren exposed to cockroach allergen was 1.36 (95% CI: 1.24–1.48)
Environmental Health 215 (2012) 297–305 303

compared to non-exposed children. Similarly, several other studies
(Call et al., 1992; Eggleston et al. 1998; Huss et al., 2001; Sporik et al.,
1990) also found that the prevalence of allergen-specific sensitiza-
tion, measured by skin allergen testing, was significantly associated
with a home’s concentration of cockroach allergens. Unlike some
of these studies, and possibly due to small sample sizes, we did not
find a significant association between exposure and sensitization to
any of the other allergens except for cockroach, although most ORs
were elevated. Brussee et al. (2005) and Lindfors et al. (1999) found
that dust mite and cat exposure during infancy were associated an
increase in sensitization to these allergens by the age of 4 years. We
found that a substantial proportion of the assessed individuals were
sensitized to cat allergen (45.5%), dog allergen (54.2%) or dust mites
(Der f: 50% and Der p: 55.7%) despite not being exposed to them in
the home, suggesting other important sources of allergen expo-
sure, such as at school or outdoors. Our study also found that use of
a humidifier and having any pet in house were both associated with
having four or more allergens/locations above their thresholds. This
finding is plausible, as use of a humidifier would increase moisture
in the home, which may promote an optimal environment for fungi
and dust mite growth.

Sensitization and home exposure to allergens and asthma

The current study found that children both sensitized and
exposed to cat allergen (but not other allergens) had a greater
odds of prevalent asthma (OR = 7.08, 95% CI: 2.12–23.62) than
those only sensitized (OR = 2.31, 95% CI: 1.01–5.32). Similar results
were seen in a study by Gehring et al. (2001), where the greatest
odds of wheezing and breathlessness were observed among those
both exposed to and sensitized to cat allergen (OR = 14.24, 95%
CI: 2.33–86.85) and dust mite (OR = 7.94, 95% CI: 1.08–58.11). In a
cross-sectional study, Plaschke et al. (1999) showed that living with
a cat aggravated symptoms and increased biomarkers of airway
inflammation among asthmatics sensitized to cat or dog allergen.
Two studies examining the joint effects of allergen sensitization
and exposure found that children both exposed and sensitized to
cockroach allergens had increased asthma symptoms and hospi-
talizations, but did not find similar results with other allergens
(Gruchalla et al., 2005; Rosenstreich et al., 1997). We could not
examine the joint effect of cockroach allergen exposure and sensi-
tization on asthma status because cockroach levels at all case homes
were below the detection limit.

Strengths and limitations

The current study is one of the few studies examining allergen
sensitization and environmental exposures separately, their rela-
tionship to each other, as well as their joint association with asthma
status. This study not only assessed multiple common indoor aller-
gens, but also controlled for many potential confounders, including
indoor and outdoor environmental factors. As with other case-
control studies, a major concern was recall bias based on the
possibility that cases may be more likely to recall exposures than
equally exposed healthy controls. To reduce recall bias in the cross-
sectional study, the cover letter for recruitment introduced the
study as a general health-environment survey, rather than as an
asthma survey, and all asthma-related questions were placed in
the Part II the questionnaire only after socio-economic and envi-
ronmental information was collected. Additionally, the responses
to symptom questions from the cross-sectional questionnaire were

compared with the face-to-face clinical interview, and high agree-
ment rates were found, ranging from 80% to 100%. As the data
on sensitization and home exposure were measured objectively
through either skin allergen testing or home samples, recall or
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isclassification bias of the primary exposure does not pertain to
his study.

The participation rate for the cross-sectional study (within
hich this investigation was conducted) was 43%. In order to

ddress the possibility of selection bias, a short telephone interview
as conducted with a random sample of the non-responders

N = 307, 23%). This follow-up interview included collection of basic
emographics (e.g., child’s age, gender, race/ethnicity, maternal
ducational level, and family income), the presence/absence of the
even criteria which had been used to identify asthma cases, and
easons for non-participation. The results showed that our initial
tudy population may have under-represented African Americans
n Buffalo, but there were no statistically significant differences
etween the respondents and non-respondents in terms of His-
anic proportion, gender, or age. The prevalence of various asthma
ymptoms was not significantly different between the respon-
ents and non-respondents, which suggests there was no obvious
election bias resulting from differential study participation due to
sthma status. The lower participation rate among African Amer-
cans may affect the representativeness of the study population

ith respect to the African American community and limit external
alidity, however, the influence of this limitation on the exposure-
isease association should be minimal.

One limitation of our study is that the timing of introduction
f allergen sources such as when pets were first brought into the
ome was unknown; therefore, the specific exposure window and

ts relationship with asthma could not be evaluated with our cross-
ectional measurements. Another possible limitation of this study
s that the number of cases and controls might be too small to
chieve sufficient statistical power to detect small differences for
ost exposures, especially for the home environmental allergens

nd assessment of interactions between these exposures and sen-
itization. When the study power was computed, it was expected
hat an exposure rate of 30% or higher among the controls would
e observed for an OR of 2.0. There was adequate power to detect a
ifference for sensitization to all allergens (all exposure rates >30%)
nd most indoor allergens, especially for cat allergen (96%, p = 0.10),
xcept for cockroach and mouse, which had low exposure rates in
ost study homes. Though our multivariate analyses adjusted for

amily asthma history, residual confounding by genetics or con-
ounding by other unknown or uncontrolled factors could have
ccurred.

onclusion

This nested case-control study found significantly positive asso-
iations between asthma and sensitization to dust mite (Der p 1),
at, and dog allergens among children. The presence of cat aller-
en in a child’s mattress was significantly associated with asthma
tatus. We also found that children who were sensitized to cock-
oach were more likely to be living in a home with increased levels
f cockroach allergen. The homes with pets and reported humidi-
er use were significantly associated with the presence of multiple

ndoor allergens above meaningful thresholds. Finally, compared to
hildren without asthma, we found that asthmatic children were
ore likely to be sensitized and had significantly higher propor-

ions of indoor exposure to cat allergens than those who were
nly sensitized or only exposed to cat allergens. This study sup-
orts the role of allergen exposure and sensitization in prevalent
sthma, and suggests that the effect of allergen sensitization alone
n asthma is more consistent than for environmental exposures,

ut their joint effect may be strongest. Further studies with larger
ample sizes and enhanced methods to integrate multi-level envi-
onmental exposures are needed to confirm the findings of this
tudy.
Environmental Health 215 (2012) 297–305

Appendix 1.

Allergen sampled Sampling location for allergens

Kitchen Family room Bedroom

Dust mites (Der f 1 and Der p 1)
√ √

Cat
√ √

Dog
√ √

Cockroach (Bla g 1 and Bla g 2)
√ √

Mouse
√

A total of 9 allergens/locations sampled in the home.
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